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IMPACT OF SIMULATOR OUT-THE-WINDOW VISUAL DISPLAY RESOLUTION ON
AIR-TO-GROUND SKILL PERFORMANCE
Jamie L. Estock
Melinda K. Seibert, Dr. Elliot E. Entin
Aptima, Inc.
Woburn, MA
Previous research revealed no difference in air-to-air skill performance between instructor pilots
who f lew a simulator with a na rrow out-the-window visual display field-of-view a nd instructor
pilots who flew a simulator with a wide field-of-view. To evaluate the generalizability of these
results t o a di fferent f idelity dimension, mission, a nd p ilot t ype, t he cu rrent st udy assessed t he
impact o f out-the-window visual d isplay resolution on air-to-ground skill p erformance of less
experienced pilots. In the current study, 18 F /A-18 Fleet Replacement Squadron pilots flew airto-ground training missions in two simulators that differed in their visual display resolution. F/A18 s ubject m atter e xperts assessed pilot performance during the m issions using three obs erverbased i nstruments. R esults r evealed a d ifference in p erformance b etween p ilots who f lew the
simulator w ith a lower-resolution di splay a nd p ilots who f lew the s imulator w ith a h igherresolution d isplay f or t wo out of 12 a ir-to-ground s kills. We di scuss t he i mplications of ou r
findings for simulator acquisition.
Introduction
Employing the appropriate level of simulator fidelity ensures better training results and reduces costs
by eliminating investments in unnecessary training and technology. However, simulator fidelity tradeoff
decisions are difficult to make because of the lack of available objective data to support these decisions.
As a result, we have been conducting simulator fidelity research in operational training environments to
collect objective data regarding the level of fidelity necessary for effective simulator-based training. Our
previous research revealed no difference in air-to-air (A/A) skill performance between instructor pilots
who flew a simulator with a narrow out-the-window (OTW) visual display field-of-view (FOV) and pilots
who flew a simulator with a wide FOV (Estock, Alexander, Stelzer, & Baughman, 2007; Estock,
Baughman, Stelzer, & Alexander, 2008). The results indicated that instructor pilots rated the simulator
with the narrower FOV less effective for training air-to-air skills largely dependent on visual information
than the simulator with the wider FOV, yet the in-simulator performance and training effectiveness results
showed no difference between the two simulator conditions. In post-study interviews, pilot subject matter
experts (SMEs) suggested that we might not have found differences between the two simulators because
of the experience level of our pilot participants and the operational mission that we used in our previous
study.
The purpose of the research reported in this paper is to examine the generalizability of our previous
results to a different fidelity dimension, operational mission, and participant type. Specifically, the current
study assessed the impact of OTW visual display resolution on air-to-ground (A/G) skill performance of
pilots who were just learning to fly the F/A-18 aircraft. In this study, F/A-18 Fleet Replacement Squadron
(FRS) pilots flew A/G training missions in two different simulators—the Weapons Tactics Trainer (WTT)
or the Tactical Operational Flight Trainer (TOFT). The primary difference between the two simulators
was the resolution of the OTW visual display, with WTT having a lower-resolution visual display (20/80
visual acuity) and the TOFT having a higher-resolution visual display (20/40 visual acuity).

Prior to the study, we administered a survey to six F/A-18 SMEs to identify which A/G skills might
be negatively impacted by a lower-resolution OTW visual display in a simulator. We extracted the A/G
skills from the U.S. Navy’s F/A-18 Competency-Based Training & Readiness Matrix. The SMEs
indicated that a lower-resolution visual display could negatively impact a simulator’s effectiveness for
training 12 A/G skills that are largely dependent on information provided by the depiction of the outside
world. Table 1 provides the names and definitions of the 12 A/G skills identified by the SMEs.
Table 1. A/G Skills Largely Dependent on Information Provided by the Depiction of the Outside World.
Skill Name

Definition

A/A Target Acquisition

Ability to locate and identify A/A targets

A/G Target Acquisition

Ability to locate and identify A/G targets

Abort Awareness

Ability to recognize when an abort is required

Basic Air Work

Ability to establish and maintain proper altitude, airspeed, and heading during flight

Delivery Parameters
(Guided Other)

Ability to execute appropriate delivery parameters to effectively deliver munitions and
achieve desired weapons effects

Delivery Parameters
(Unguided)

Ability to execute appropriate delivery parameters to effectively deliver ordnance and
achieve desired weapons effects

Maintains Formation

Ability to maintain a briefed formation

Sensor Employment

Ability to employ the optimal sensor mechanization to collect and integrate information

Threat Awareness

Ability to recognize that an A/A and/or A/G threat exists within range of a friendly aircraft

Threat Counter-maneuver

Ability to perform the appropriate the maneuver to mitigate the threat.

Threat Counter-measures

Ability to employ the appropriate counter-measures to counter the threat

Threat Identification

Ability to identify the type of threat(s)

As a result, we hypothesized that:
Pilots flying the WTT would show poorer performance on measures related to each of
the 12 A/G skills than pilots flying the TOFT.
Methods
Participants
Eighteen U.S. Navy F/A-18 FRS pilots at Naval Air Station (NAS) Lemoore participated in the study.
All 18 participants were male. The participants included 14 Lieutenants, Junior Grade (O-2) and four
Lieutenants (O-3). The participants had a mean of 4.93 months flying the F/A-18 aircraft (SD = 3.67), and
a mean of 46.33 flight hours in the F/A-18 aircraft (SD = 51.93).
Simulators
The WTT consists of an F/A-18E/F Super Hornet aircraft cockpit running the F/A-18E/F aircraft’s
Operational Flight Program (OFP). The WTT has a 360-degree horizontal FOV visual display with a
20/80 visual resolution, and contains the actual F/A-18 E/F aircraft controls and displays.
The TOFT consists of an F/A-18E/F Super Hornet aircraft cockpit running the F/A-18E/F aircraft’s
OFP. The TOFT has a 360-degree horizontal FOV visual display with a 20/40 visual resolution, and
contains the actual F/A-18 E/F aircraft controls and displays.

Experimental Design
The between-subjects experimental design compared pilots who flew the WTT with pilots who flew
the TOFT on their in-simulator performance. The design focused on the impact of OTW visual display
resolution on pilot in-simulator performance related to 12 A/G skills largely dependent on information
provided by the depiction of the outside world.
F/A-18 SMEs used the following three questionnaires to rate pilot in-simulator performance during
each A/G training mission in the simulator:
Strike SPOTLITE questionnaire. The Strike SPOTLITE Questionnaire was developed to capture
detailed data regarding pilot A/G skill performance. The Strike SPOTLITE Questionnaire consisted of 76
individual performance measures and was used to capture pilot performance using a variety of question
types (e.g., Yes/No, Likert scales, checklists). Prior to the study, F/A-18 SMEs identified the individual
Strike SPOTLITE measures that capture performance related to each of the 12 A/G skills. For example,
the F/A-18 SMEs identified four Strike SPOTLITE measures that assess the skill of abort awareness,
including: (1) employs ordnance within correct parameters, (2) obtains clearance prior to weapons
release, (3) aborts when the attack meets abort criteria, and (4) follows established abort procedures.
A/G skill questionnaire. The A/G Skill Questionnaire was developed to capture high-level data
regarding pilot performance related to the 12 A/G skills. The A/G Skill Questionnaire was used to capture
pilot performance using a five-point Likert scale where one referred to Extremely Poor and five referred
to Excellent. A sample A/G Skill Questionnaire statement is “Please rate the pilot’s ability to recognize
when an abort is required [abort awareness].”
Instructor gradesheets. The Instructor Gradesheets are standard performance evaluations used by
Instructor Pilots to rate pilot performance during each training event. The Instructor Gradesheets were
used to rate pilot performance on a four-point scale where one referred to Unsatisfactory and four referred
to Above Average. Prior to the study, F/A-18 SMEs identified the individual Instructor Gradesheet items
that capture performance related to each of the 12 A/G skills. For example, the F/A-18 SMEs identified
two gradesheet items that assess the skill of abort awareness, including: (1) navigation system
setup/usage, and (2) time-on-target.
Procedures
U.S. Navy F/A-18 FRS pilots reported to regularly-scheduled simulator-based training missions at
NAS Lemoore and were recruited to participate in the fidelity study. Upon consent to participate, pilots
completed a demographic questionnaire. Then, pilots were assigned to either the WTT or the TOFT by
their squadron. Pilots flew the training missions in their assigned simulators while F/A-18 SMEs rated
pilot performance using the Strike SPOTLITE Questionnaire, A/G Skill Questionnaire, and Instructor
Gradesheet during that mission.

Results and Discussion
To test our hypothesis, we compared the in-simulator performance of pilots who flew the WTT to
pilots who flew the TOFT using three expert observer questionnaires. We conducted all of our insimulator performance analysis at the A/G skill level. As a result, we computed A/G skill performance
scores by averaging the ratings of pilot participant performance on the individual Strike SPOTLITE
measures that captured performance on each A/G skill. We used the same procedure to compute the A/G
skill performance scores using Instructor Gradesheets. We did not need to aggregate items on the A/G
Skill Questionnaire because they provided performance at the A/G skill level.
We used independent samples t tests to determine if there were statistically significant differences
between the in-simulator performance of pilots who flew the WTT and pilots who flew the TOFT. A p
value of ≤ 0.05 was considered to be a statistically significant difference. A p value of ≤ 0.10 was
considered to be a marginally significant difference. We also calculated effect size to determine whether a
statistically or marginally significant difference has some practical significance, and is not just a statistical
artifact. We used Cohen’s d as a measure of effect size. Cohen (1988) refers to d = 0.20 as a small effect,
d = 0.50 as a medium effect; and d >= 0.80 as a large effect.
Strike SPOTLITE questionnaire
An independent samples t test revealed that pilots who flew the WTT showed poorer performance on
their ability to recognize when an abort is required (abort awareness) (M = 2.53, SD = 0.45) than pilots
who flew the TOFT (M = 2.97, SD = 0.08), t(15) = -3.53, p < .05, d = 0.98. Moreover, the large effect size
of 0.98 suggests that there may be practical significance for this finding. Figure 1 presents the mean
Strike SPOTLITE rating of in-simulator performance related to the ability to recognize when an abort is
required [abort awareness] for pilots who flew the WTT and pilots who flew the TOFT.
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Figure 1. Mean Strike SPOTLITE ratings of in-simulator performance related to abort awareness by
simulator type.
Independent samples t tests revealed no significant in-simulator performance differences between
pilots who flew the WTT and pilots who flew the TOFT for the remaining 11 A/G skills.

A/G skill questionnaire
An independent samples t test revealed that pilots who flew the WTT showed poorer performance on
their ability to execute appropriate delivery parameters to effectively deliver ordnance and achieve
desired weapons effects [delivery parameters – unguided] (M = 2.89, SD = 0.68) than pilots who flew the
TOFT (M = 3.33, SD = 0.65), t(28) = -1.79, p = .08, d = 0.66. While this finding is not statistically
significant, the medium effect size of 0.66 suggests that there may be practical significance for this
finding. Figure 2 presents the mean A/G Skill Questionnaire rating of in-simulator performance related to
the ability to execute appropriate delivery parameters to effectively deliver ordnance and achieve desired
weapons effects [delivery parameters – unguided] for pilots who flew the WTT and pilots who flew the
TOFT.
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Figure 2. Mean A/G Skill Questionnaire ratings of in-simulator performance related to delivery
parameters - unguided by simulator type.
Independent samples t tests revealed no significant in-simulator performance differences between
pilots who flew the WTT and pilots who flew the TOFT for the remaining 11 A/G skills.
Instructor gradesheet
Independent samples t tests revealed no significant in-simulator performance differences between
pilots who flew the WTT and pilots who flew the TOFT for any of the 12 A/G skills.
Conclusions
Our previous research revealed no difference in A/A skill performance between instructor pilots who
flew a simulator with a narrow OTW visual display FOV and instructor pilots who flew a simulator with
a wide FOV. In this previous research, we conducted post-study interviews with pilot SMEs to obtain an
operational explanation of our results. The pilot SMEs suggested that we might not have found
differences between the two simulators because of the experience level of our pilot participants and the
operational mission that we used in our previous study. Specifically, the pilot SMEs suggested that the
instructor pilot participants in our previous study would have mastered the A/A skills, and as a result, may
have been able to adapt readily to lower-fidelity simulators. In addition, the pilot SMEs suggested that the
pilot participants in our previous study were mostly engaging enemy aircraft beyond visual range during
the A/A missions, lessening the importance of high-fidelity visual systems. As a result, we designed this
study to explore three new areas: (1) OTW visual display resolution requirements, (2) fidelity
requirements for less experienced pilots, and (3) fidelity requirements for the A/G mission.

In this study, we examined the influence of OTW visual display resolution differences on FRS pilot
A/G skill performance. The A/G skills selected for this investigation were extracted from the U.S. Navy’s
F/A-18 Competency-Based Training & Readiness Matrix. Specifically, we examined visual display
resolution differences on pilot performance related to 12 A/G skills that are largely dependent on
information provided by the depiction of the outside world. The results of this study indicated that the
OTW visual display resolution difference between the WTT (20/80 visual acuity) and the TOFT (20/40
visual acuity) affected pilot performance related to two A/G skills—abort execution and delivery
parameters (unguided). Specifically, the pilots who flew the TOFT performed both skills better than the
pilots who flew the WTT.
Unlike our previous research, the findings of this study suggest that simulators with higher-fidelity
OTW visual displays may be more effective for training certain air combat skills—at least more effective
for training some A/G skills to less experienced pilots. Yet like our previous research, the findings of this
study suggest that end-users tend to overestimate the level of fidelity required for effective training. Of
the 12 specific A/G skills that the SMEs suggested could be negatively impacted by a lower-resolution
visual display, only two A/G skills showed any difference between the two simulator conditions. Based on
the results of our research to date, we believe that relying solely on end-user-defined fidelity requirements
can result in the acquisition of a simulator that is more expensive than necessary for effective training.
Future research should be conducted to collect the necessary objective data to employ the appropriate
level of fidelity to meet the training objectives. In addition, future research should examine whether this
finding is consistent for other fidelity dimensions, such as motion fidelity, and other training events, such
as carrier landings.
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